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METOOD FOP PKOnriNG IMM^TWH Am HFMO STATXC nv^imMr^r^ ,.^. 
DURIwa BTfTpar/^ppoREAT. rT PcmATTnw 

rtie U.S. Goverxunent has a paid-up license in this invention and 
the right in limited circumstances to require the patent owner to 
license others on reasonable ter^s as provided for by the terms of 
Grant No. HL47193 awarded by The National Institutes of Health, 
Bethesda, Maryland. 
FIELD OP THE IWVKWTTnw 

me present invention relates to reducing the dysfunction of 
15 the immune and hemostatic systems associated with extracorporeal 

circulation. i„ particular, the invention relates to the use of 
antibodies specific to human complement coni.onent C5 to effect 
inhibition of the complement arm of the immune system in order to 
accomplish such therapeutic prophylaxis. 

20 BACKCatOnwi J OP THB TRVBHTTOW 

^- Pxtr»corpnreal givr.^ifl^|^ 

Extracorporeal circulation (ecc) of the blood is an important 
medical technology that is used in a variety of life saving medical 
procedures. Such procedures include hemodialysis, plasmapheresis. 
Plateletpheresis, leukophereses, extracorporeal membrane oxygenation 
(BCMO) . heparin-induced extracorporeal IDL precipitation (HELP) , and 
cardiopulmonary bypass (CPB) . As such, ECC is widely used in modem 
medical practice. 

one of BCC's most common uses is in CPB. Nearly 400,000 CPB 
surgical procedures are carried out in the United States each year 
<Rinn, A., N Enql ,7 ^fffi 312:119. 1985). The primary medical 
application of CPB is the facilitation of coronary artery bypass 
grafting, but it is also utilised during other types of open heart 
surgery, including procedures to correct congenital heart defects, 
heart valve disease, or other heart defects. With improvements in 
surgical techniques and extracorporeal oxygenation, the overall 
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mortality for this procedure is low (1% to 4%) (Allen CM., Br Med 
J 297:1485, 1988) . 

Because the most extensive research to date on the effects of 
ECC on the inroune and hemostatic systems has been in the area of CPB, 
much of the discussion of the detailed effects of ECC presented 
herein is in connection with CPB. This discussion, however, is not 
intended to and should not be interpreted as limiting the present 
invention in any way to CPB. 

Medical Problems Caused b y Extracorporeal Circulation 
Although death during ECC procedures is rare, several acute and 
chronic complications during and subsequent to these procedures 
result in potentially life -threatening medical problems and cause 
significant e^ense to the health care system. Many of these 
con?>lications have been associated with activation of the immune 
system, with the complement arm of the immune system playing a 
particularly in^rtant role in the development of inflammation, 
platelet dysfunction, thrombocytopenia, and other ECC CQaplications, 
Hemostatic problems during and after ECC can be attributed to several 
factors, including complement -mediated platelet dysfunction, andean 
result in both excessive thrombosis and excessive bleeding as 
platelets first become activated and then become spent and non- 
functional, and are removed from the circulation. Management of 
abnormal bleeding associated with CPB often requires re-operation and 
is frequently associated with excessive, and sometimes inappropriate, 
blood product administration, occasionally exceeding the available 
blood supply. In some hospitals, open heart surgery accounts for 
more than 25% of the total blood product use (Woodman and Harker, 
11223 76:1690, 1990). 

Activation of the complement system occurs when blood plasma 
contacts foreign surfaces during ECC. Activated complement 
components can initiate inflammatory responses, with associated 
vasoconstriction, capillary leakage and platelet activation, A 
discussion of various of the physiological mechanisms involved in 
ECC -associated immune and hemostatic dysfunctions is presented below 
35 under the heading "Background Physiology." 
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Previous ADProaghpg to Comp l ^Tnor>^ 

Modulat ion Durjna Err 

The many previous approaches taken in pursuit of controlling 
activation of the coaplement system and associated problems arising 
during ECC illustrate the perceived importance in the medical 
research community of accomplishing these goals. These approaches 
have included attempts to alter the mechanical components of CPB 
circuits, including the use of membrane (as opposed to bubble) 
oxygenators, and of heparin-coated bypass circuits, as well as 
various approaches to pharmacological modulation of complement 
activation, unfortunately, these efforts have not eliminated the 
immune and hemostatic system problems associated with ECC, and have, 
in many cases, themselves been responsible for additional adverse 
effects . 

As mentioned above, foreign surfaces of the ECC circuit cause 
complement activation, m CPB, the oxygenator constitutes the most 
significant coBplement activating surface. Although some studies have 
shown that membrane oxygenators are associated with less activation 
of certain ccoplement canponents than bubble oxygenators, there is 
no consensus that they cause less overall complement activation 
during CPB. Rather, complement activation varies with individual 
oxygenators, whether bubble or membrane (videm, et al.. ^^.Ti^ 
SiaSL 50:387, 1990) . 

Recently, heparin-coated bypass circuits have been shown to 
reduce complement activation during CPB. Unfortunately, this 
approach only partially inhibits complement activation (Nilsson. et 
al., Anif Orqanp 14:46. 1990). No previous pharmacological 
approach to specifically reduce coinplement activation during CPB has 
yielded satisfactory results. 

Anti- inflammatory steroid drugs are immunost5>presBive agents 
that can modulate complement function. Although steroid use has been 
associated with a moderate decrease in complement activation in some 
studies (Cavarocchi, et al.. j Thorac. r.^^,^^.^ o..,^ 
others have found no significant beneficial effect (Miyamoto, et al., 
hmSLA 31:508. 1985). and the overall immune suppression caused by 
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steroids, and other debilitating side effects associated with steroid 
admxnistration, further limit their utility in treating ECC patients. 

To date, most efforts to modulate the activation of 
complement in ECC have focused on complement component 03 A recent 
study evaluated the potential of a soluble recombinant form of human 
complement receptor type l (sCRX, designated BRL55730 by SmithKline 
Beecham) to reduce complement activation associated with CPB 
(Gillinov, et al., xhorar Surg 55:619, 1993). sCRl acts by 

blocking the conversion of complement component C3 into activated 
components C3a and C3b. Unfortunately, key measures of complement 
and Platelet activation were not evaluated in this study, and the 
neutr<^hil and other physiological endpoint results reported were 
disappointing. m addition, sCRX blocks C3, and as discussed in 
detail bexow, the blockade of C3 activation interrupts the most 
xmportant antimicrobial actions of the complement system, e^osing 
patxents to increased risk of infection. 

While BCC Clearly causes complement activation, it is also 
associated with other problems, including kinin generation, loss of 
coagulation factors by hemodilution, fibrinolysis, liberation of 
thromboxane A,, and the activation of platelets and neutrophils. 
Many of these phenomena are. at least in part, secondary consequences 
Of complement activation. Current therapies used to address these 
specific Phenomena have, to date, relied on rather ineffective 
broad-based antifibrinolytics and hemostatic agents, examples of 
25 irtiich are as follows. 

^^rotinin. a broad-based serine proteinase inhibitor (TRASYlol 
Bayer AG) has recently been studied for its effects on CPB associated 
pathology, i^rotinin inhibits kallikrein. a proteolytic enzyme that 
attenuates the release of neutrophil elastase. another protease, and 
diminishes the production of complement component C3a. in the absence 
Of any direct evidence, it has been suggested that aprotinin may also 
partially inhibit C3 convertase activity (Wachtfogel. etal.. Blood 
69:324. 1989, . Although, as mentioned above, there is a consensus 
xn the art that C3a plays a key role in generating BCCassociated 
xmmune and hemostatic dysfunctions. CPB-induced activation of 
Platel ts. Which is (at least in part, secondary to cooplement 
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activation, is unaffected by aprotinin therapy (Bidstrup, et al ^ 
Thorac Card^ovnnr ^urn 973:364. 1989) . and it is clear that platelet 
dysfunction is directly involved in the pathogenesis of ECC- 
associated hemostatic problems. The beneficial effects of aprotinin 
5 administration are probably related to its ability to inhibit 

kallxkrein, thereby diminishing the proteolytic conversion of 
plasminogen to plasmin, a key step in blood coagulation. Efficacy 
Of aprotinin in reducing blood loss during CPB has been demonstrated 
when aprotinin is administered by continuous infusion, single dose 
bolus administration of aprotinin, however, has proven ineffective. 

Enthusiasm for aprotinin use during CPB has been dampened by 
recent clinical results showing an increased incidence of 
perioperative myocardial infarction (16.9% vs. 8,9% for placebo) and 
a sxgnxf icant incidence of postoperative renal dysfunction associated 
with aprotinin administration during CPB (Cosgrove, et al ^ 
ai^a^^ 54:l03X, XS«,. Xn this study, postmortem findings in 
sane patients «ho died after elective coronary operations using 
aprotinin included acute vein graft occlusions as well as widespread 
thrombosis in the kidney, native coronary vessels and cerebral 
vessels. Despite the risks associated with these deleterious 
clxnical events, the benefits of pharmaceutical modulation of adverse 
effects associated with CPB have recently led to FDA approval of 
^rotxnin for the treatment of patients receiving cPB. 

The synthetic lysine analogue BACA (AMICAR. Lederle 
I^oratories) has been used frequently as an antif ibrinolytic agent 
during CPB. Although BACA is effective in reducing bleeding in a 
variety of clinical circumstances, its use in CPB has been 
controversial with regard to its potential to reduce postoperative 
blood loss (Copelaad, et al., Ann Th.... ^7:88, 1989) 

30 Additionally, both arterial and venous thrombosis have complicated 

KACA therapy in a number of clinical trials and have generally 
dxscouraged its clinical use (Sonntag and Stein, iHgusaSHra 40:480) 
Tranexeamic acid has also been used for its anti- fibrinolytic effect 
but has also been associated with excessive thrombotic complications 
<Orum, et al., g ^pyac r«r<^iov^«n io5:78, 1993). 
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The relatively non-specific hemostatic properties of the 

synthetic vasopressin analogue, desmopressin acetate, has made it 

a candidate pharmaceutical agent for treating the hemodynamic 

alterations associated with CPB. However, randomized double -blind 

5 studies of 150 consecutive patients undergoing elective CPB found no 

significant differences in blood loss or postoperative transfusion 

requirements in patients receiving desmopressin (Hackmann, et al., 

^"'^^ ' 321:1437, 1389; Rocha, et al . , Qi^s^i^^ 77:1319,' 

1988) . 

10 SUMMRRY DP THE TKIWTirrTr>M 

m View Of the foregoing state of the art. it is an object of 
the present invention to provide a method for reducing the 
dysfunction of the inmiune and hemostatic systems associated with 
extracorporeal circulation. 

The method of the invention involves the use of antibodies to 
human complement component C5 as a pharmaceutical agent. More 
particularly, the invention provides for the use of an anti-C5 
antibody preparation that binds to native plasma C5, and thereby 
blocks the generation of activated complement components C5a and C5b 
20 from C5. Preferably, the antibody is a monoclonal antibody. 

m certain preferred embodiments, the invention is used during 
CPB. In a further preferred embodiment, the inhibition of 
dysfunction is accomplished by the administration of a single dose 
of the anti-C5 antibody preparaticm. 

As shown in the examples presented below, anti-C5 antibodies 
can completely block important aspects of human complement activity, 
while maintaining important anti- infective functions of the 
complement system, m particular, the antibodies completely block 
the generation of the cytolytic assemblage of activated complement 
components known as the membrane attack complex. In addition, the 
antibodies inhibit platelet activation, inhibit leukocyte activation, 
inhibit platelet-leukocyte interactions, specifically, platelet- 
monocyte and platelet -polymorphonuclear cell interactions, and 
inhibit the removal of key glycoproteins from platelet surfaces 
during extracorporeal circulation of human blood. As a result of 
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these activitieB, the antibodies help maintain the i™ and 
hemostatic systems in their normal states during ecc. 

m certain embodiments, the invention comprises a method 
for performing a therapeutic procedure on a patient comprising: 

(a) passing circulating blood from a blood vessel of the 
patient, through a conduit, and back to a blood vessel of the 
patient, the conduit having a luminal surface comprising a material 
capable of causing at least one of complement activation, platelet 
activation, leukocyte activation, or platelet -leukocyte adhesion in 
the patient's blood,- and 

(b) introducing an antibody that specifically binds to 
complement component C5 and has the following properties in vitro: 

(1) the antibody substantially inhibits complement 
hemolytic activity; 

" substantially prevents the generation 

of activated complement cooQjonent CSa, as shovm by 
a substantial reduction in the expression of the 
leukocyte activatitai marker CDlib/ca)18 ; and 
(3) the antibody does not substantially inhibit C3 
convertase activity; 
into the patient's bloodstream in an amount effective to reduce at 
least one of complement activation, platelet activation, leukocyte 
activation, or platelet -leukocyte adhesion resulting from passage of 
the circulating blood through said conduit, 

wherein step (a) occurs in at least one temporal relation to 
step (b) selected from the group consisting of before step (b) . 
during step (b) , and after step (b) . 

The accon5,anying figures, which are incorporated in and 
constitute part of the specification, illustrate certain aspects of 
the invention, and together with the description, serve to es^jlain 
the principles of the invention, it is to be understood, of course, 
that both the figures and the description are escplanatory only and 
are not restrictive of the invention. 

BRIEF nRgrpTpTIQW (yv TTHE DRaWTWff lg 

Figure l - Hemolytic assay demonstrating anti-C5 monoclonal 
antibody inhibition of complement activity associated with human 
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blood circulated through an extracorporeal circuit. Assays were 
perf onned before the addition of the antibody or the commencement of 
the CPB circuit ("Pre Tx") using undiluted blood ("undil-) and 
diluted blood (-dil-) as described in Exaxnple 1. Samples of diluted 
blood to which the antibody had been added ("Post Tx«) were assayed 
at the times indicated after starting the CPB circuit. 

Figure 2 - Assay of levels of complement component C3a 
demonstrating that the generation of complement component C3a i„ 
«hole human blood circulated through an extracorporeal circuit is not 
inhibited by the addition of an anti-CS monoclonal antibody to such 
whole blood. Assays were performed before the addition of the 
antibody or the commencement of the CPB circuit ("Pre Tx") using 
undiluted blood ("undil") and diluted blood ("dil") as described in 
Example 1. Samples of diluted blood to which the antibody had been 
added (-Post tftc.) were assayed at the times indicated after starting 
the CPB circuit. 

Figure 3 Assay of the levels of soluble C5b-9 in human blood 
circulated through an extracorporeal circuit demonstrating that the 
addition Of an aati-C5 monoclonal antibody to such whole blood 
xrf.ibits the formation cf the C5b-9 terminal complement assembly 
Assays were perfomed before the addition of the antibody or the 
co«««ncement of the CPB circuit ("Pre Tx") using undiluted blood 
(-undil.) and diluted blood (-dil-) as described in Example a 
samples of diluted blood to which the antibody had been added (-Post 
TX") were assayed at the times indicated after starting the CPB 



circuit . 



Figure 4 - pacS analysis of levels of GPIb (-GPlb") on all 
Platelets, GPllb-Ilia on all platelets (regardless of P-selectin 
e,q.ression, -GPllb-llia-) . P-selecti„ on all platelets (.%plt 

30 activ"), GPllb-IlIa on P-selectin positive platelets (.lib-Ilia- 

act"), GPlib-liia on P-selectin negative platelets (-llb-llia- 
inact"), platelet neutrophil binding (-PLT/Pm-). platelet monocyte 
binding ("PLT/MONO-) , neutrophil CDllb levels (-PMN CDlib-) and 
monocyte CDllb levels (-MONO CDllb-) . demonstrating inhibition of all 

35 except the last of these parameters by the addition of an anti-CB 
monoclonal antibody to whole human blood during BCC. 



BNSDOCID:<WO 9S26640A1 I > 



wo 95/25540 



-9- 



PCT/US95/03614 



10 



15 



BACKGROON D PHYSTnT-Ortv 
I- IntroduehjrtTi 

As described above, the present invention relates to inhibition 
of dysfunctions of the innaune and hemostatic systems during ECC. To 
provide background for the description of the preferred embodiments 
and the examples presented below, we turn first to general 
discussions in the context of ECC of the relevant aspects of the 
immune and hemostatic systems, in particular, certain aspects of the 
complement arm of the immune system, the cellular arm of the immune 
system, and the physiology of platelets. 

PathOPhvsioloov Asgoelm-tad With BPr 

A key pathophysiologic change in the blood that is associated 
with ECC is the rapid activation of the complement cascade. 
Activation of complement components that mediate inflammation and 
impact the hemostatic properties of the blood occurs when blood comes 
in direct contact with the various non-biological components of the 
ECC circuit (Videm, et al.. J. Thorac. r>.rrtiov»«n q..^,. 97:764-770, 
X969), and can be inhibited to soBie extent by certain drugs, 
particularly heparin and protamine, that are administered to patients 
during ECC procedures (Jones, et al . , Anaefi£iiggia, 37:629-633 
1982) . 

Interdependent disturbances in both the immune system and the 
hemostatic system are seen during CFB and other types of ECC. Many 
of these changes intersect at the level of platelet function, as the 
actions of the complement arm of the immune system can result in 

platelet activation. 

In addition to its effects on platelets and the complement arm 
of the immune system, ECC also effects the cellular arm of the immune 
system both through effects on leukocytes and through effects on 
30 platelet- leukocyte interactions. 

EffecfcB n f ECC on P\at6l«.t-« 

Platelets are anuclear, cellular elements of the blood that are 
vitally important for the formation of blood clots and the prevention 
• of excessive bleeding. An abnormally severely low platelet count in 
the blood, a condition known as thrombocytopenia, often results in 
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severe bruising, hemorrhage from mucosal membranes, and considerable 
, loss Of blood following surgery or other injury. 

Platelet dysfunction has been linked with the contact of 
platelets with the non-biological surfaces of the extracorporeal 
5 oxygenator and the hypothermia associated with CPB. Several other 

mechanisms, alone or in combination, have also been implicated as 
contributing to platelet dysfunction. For example, mechanical trauma 
due to Shear stress, surface adherence, and turbulence within the 
extracorporeal oxygenator may cause fragmentation of platelet 
10 membranes. Activated complement components, however, are arguably 

the most important factors contributing to the platelet dysfunction 
associated with ECC. 

CPB adversely affects platelet count as well as function 
Hemodilution during CPB causes platelet counts to rapidly decrease 
15 soon after starting CPB, declining to about 50% of preoperative 

levels. This level of circulating platelets, if occurring in the 
context Of normal individual platelet function, is unlikely to 
contribute to clinical bleeding. of greater significance to the 
development of CPB associated morbidity, however, is the progressive 

20 loss of Platelet function seen during and after CPB. within minutes 

after initiating CPB, bleeding time is prolonged significantly and 
platelet aggregation is impaired. These changes in bleeding time are 
independent of platelet count and worsen as CPB progresses. Bleeding 
txmes. normally less than ip minutes, can approach 30 minutes after 

25 2 hours of CPB, 

Platelets undergo profound biochemical and morphological 
alterations when activated by certain stimuli. when caused by 
stimuli associated with conditions calling for rapid hemostasia, 
these alterations are associated with the normal functions of 
Platelets. When caused by ECC. pathophysiologic outcomes result 
Activation-induced alterations in platelet characteristics include 
exocytotic degranulation with the release of the contents of various 
storage organelles, shape changes, and the induction of adhesiveness, 
aggr gat ion, and thromboxane production. 
« A specific integral membran protein, P-selectin (also known 

as CD62. CDS2P. GMP-140, and Pi^KJEM) , which is located on the inner 
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surfaces of platelet alpha granules, is translocated to the platelet 
surface as these organelles turn inside -out during exocytosis. The 
appearance of P-selectin on the platelet surface thus serves as a 
marker of platelet activation. 

Various lines of evidence suggest that the expression of P- 
selectin and the temporary depletion or modification of some 
functional platelet membrane components are key measures of platelet 
functionality. Several studies have reported significant decreases 
in the amount of glycoprotein membrane antigens GPIb (CD45b) , GPIlb, 
and GPIlia on circulating platelets following CPB. The loss of 
platelet GPIlla in particular is associated with a reduction in total 
fibrinogen binding sites. Such surface altered platelets thus 
d^nonstrate poor hemostatic capacity. 

The removal of platelet membrane glycoproteins may be mediated 
by the activity of proteolytic enzymes such as plasmin and elastase. 
The ability of the protease inhibitor aprotinin (discussed above) to 
minimize glycoprotein (specifically, GPIb) loss after CPB provides 
evidence implicating direct proteolysis of platelet membrane 
glycoproteins in the development of platelet dysfunction (Wenger, et 
' J Ihorae Cairdiotraa^ c^.^^ 97:235, 1989). 

Effects of EOC on platelets are particularly significant 
because platelets can only be activated once, i.e., activation of 
platelets decreases the number of functional platelets available when 
platelet functions are subsequently required. The importance of the 
effects of BCC on platelets is demonstrated by the finding that the 
impaired hemoetasis observed after cardiac operations is mainly 
attributable to platelet dysfunction (Mbhr, et al.. j. Thor«r 
Cardiovasc. Surer 96:530, 1988). 

platelet-Leukocyte InteraetionB a g soeiati^f^ T pnn 
The P-selectin molecule, which appears on the membrane surface 
of activated platelets, is known to mediate the binding of platelets 
to various types of white blood cells (WBCs, leukocytes) without 
requiring the activation of the WBCs for such binding to occur. 
These WBCs include polymorphonuclear leukocytes (PMHs, neutrophils, 
granulocytes), and monocytes, and the P-selectin mediated binding 
results, in platelet-PMN, and platelet -monocyte conjugate formation 
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(Larsen, et al,, J Biol Chem 267:11104-11110, 1992; Corral, et al., 
Biochem Biophvs Res Coxmmin 172:1349-1353, 1990). One result of such 
conjugate formation is the removal of platelets from the circulation, 
a phenomenon that can contribute to the development of 
5 thrombocytopenia (Rinde, et al.. Transfusion . 31:408-414, 1991). • 

Such leukocyte -platelet adhesion is also believed to be of 
physiologic importance in the targeting of leukocytes to appropriate 
inf laimmatory and/or hemostatic sites and in modulating leukocyte 
function. The relevance of such targeting has been recently 

10 demonstrated in vivo in a baboon model where blockade of P-selectin 

with a monoclonal antibody resulted in decreased monocyte 
accumulation on an artificial vascular graft and decreased 
procoagulant activity (Palabrica, et al,. Nature 359:848-851, 1992). 
Such leukocyte -platelet adhesion caused by P^selectin has been found 

IS to be induced by CPB (Kinder, et al.. Blood , 79:1201-1205, 1992) . 

The modulation of leukocyte function mediated by ECC- associated 
platelet -leukocyte binding includes the upregulation of the major 
monocyte procoagulant molecule known as ** tissue factor" (TF) . Data 
reported by Catalett, et al.. Blood 78 (Suppl 1) :279a, 1991, suggests 

20 that P-selectin induces TP upregulation on monocytes over a four hoxu: 

period. Such TF upregulation enhances the pro-coagulatory effects 
of leukocytes (Altieri, Blood 81:569-579, 1993) . In a simulated 
closed-lopp CPB model, Kappelmayer, et al.* Circ Res 72:1075-1081, 
1993, have recently demonstrated CPS -associated upregulation of both 

25 the quantity and activity of TP on circulating monocytes. The 

expression of monocjrte tissue factor several hours after the 
conclusion of a CPE procedure, combined with other procoagulatory 
events occurring during CPB (Evangelista, et al.. Blood 77:2379-2388, 
1991; Higuchi, et al . , Blood 79:1712-1719, 1992; Weitz, et al., J 

30 Exp Med 166:1836-1850, 1987) is believed to predispose the patient 

to late thrombotic events, such as vascular graft re -occlusion, 
(c) Other Effects of ECC on Leukocytes 

In addition to i:pregulation of TF on monocytes, CPB-associated 
upregulation of cell adhesion ligands that contain the P2 integrin 
35 CD18, in particular, the heterodimeric adhesive ligand that contains 

CD18 and CDllb (known as CDllb/CDi8 or KAC-1) , has been described on 
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monocytes and neutrophils (Rinder, etal., Blosd 79: 1201 -1205, 1992). 
Such .upregulation is particularly relevant to CPB- induced injury 
since CDllb/CD18 is responsible for leukocyte adherence to and 
penetration (diapedesis) through the endothelium via binding to the 
intercellular adhesion molecules ICAM-l and ICAM-3 on "activated" 
endothelium (Staunton, et al., figll 52:925-933, 1988; Staunton, et 
al., ytatpre 339:61-64, 1989; Furie, et al., J Immunol 148:2395-2404, 
1992) . 

In esqperimental systems, administration of monoclonal 
antibodies blocking the activity of CDllb/CDia has been shovm to 
prevent reperfusion injury (Simpson, et al.. j Clin inv«»Bh 81:624- 
629, 1988; Amaout, Blood 75:1037-1050, 1990; Dreyer, et al., Circ 
84:400-411, 1991) . in addition, increased CDHb/CD18 escpression on 
leukocytes has been linked to complications aser.ciated with 
hemodialysis (Amaout, etal., N_Eiial_j_Med 312:457, ^985). Thus, 
CDllb/CDl8 may contribute to ECC associated medical problems . 

m addition to the foregoing, the CDllb moiety functions as the 
recqptor for coaplement conponent iC3b and for elements of the 
contact dependant soluble coagulation system, including fibrinogen, 
fibronectin, and Factor X (Altieri. et al., Proc Nat-,i acad Sei nsa 
85:7462-7465, 1988; Mathan, et al.. i£elL£ifil 109 : 1341 -1349, 1989). 
The interactions of CDllb with fibrinogen may be of particular 
importance to BCC-associated pathology, since, as discussed above, 
the platelet surface glycoprotein complex GPIIb-IIla is also 
associated with fibrinogen binding, thus providing a potential means 
for platelet -leucocyte adhesion, i.e., via a CDllb- -fibrinogen- - 
6PlIb-llIa linkage (Altieri, etal., Proc Natl Ar.»H f^ ni c^.ns^^ 
7465, 1988). Induction of an inflammation-associated respiratory 
burst in granulocytes in response to a variety of cytokines also 
appears to require CDllb/CDl8 in the local adherent microenvironment . 

Thus this ^2 integrin complex exerts its effects at critical 
junctures of the complement system, the cellular immine system, and 
the soluble cellular coagulation pathway. CDlib/CDl8 expression on 
leukocyte surfaces can thus be assayed as a predictive indicator 
related to the probability of the occurrence of complement, immune, 
and coagulation associated events . 
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The CQmn j.ement: SY g^om 
The. complement system aces in conjunction with other 
immunological systems of the body to defend against intrusion of 
cellular and viral pathogens. There are at least 25 complement 
5 proteins, which are found as a complex collection of plasma proteins 

and membrane cof actors. The plasma proteins make up about 10% of the 
globulins in vertebrate serum. Complement components achieve their 
i^nune defensive functions by interacting in a series of intricate 
but precise enzymatic cleavage and membrane binding events. The 
10 resulting complement cascade leads to the production of products with 

qpeonic, immunoregulatory, and lytic functions. 

The complement cascade progresses via the classical pathway or 
the alternative pathway. These pathways share many components, and 
while they differ in their initial steps, they converge and share the 
15 same -terminal complement" components responsible for the activation, 

attack, and destruction of target cells. 

The classical co«nplement pathway is typically initiated by 
antibody recognition of and binding to an antigenic site on a target 
cell. The alternative pathway is usually antibody independent, and 
20 can be initiated by certain molecules on pathogen surfaces. Both 

pathways converge at the point where complement component C3 is 
cleaved by an active protease (which is different in each pathway) 
to yield C3a and C3b. other pathways activating complement attack 
can act later in the sequence of events leading to various aspects 
25 of conplement function. 

C3a is an anaphylotoxin (see below) . C3b binds to bacterial 
and other cells and tags them for removal from the circulation. (C3b 
in this role is known as opsonin.) The opsonic function of C3b is 
considered to be the most important anti- infective action of the 
30 complement system. Patients with genetic lesions that block C3b 

function are prone to infection by a broad variety of pathogenic 
organisms, while patients with lesions later in the complement 
cascade sequence, i.e., patients with lesions that block C5 
functions, are found to be more pron only to fisiaas^ tnf ction, 
and then only somewhat more prone (Fearoa, in Intensive p.^..^ 
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Internal MBdirinp, 2nd Ed. Fanta and Minaker, eds. Brigham and 
Women's and Beth Israel Hospitals, 1983) . 

C3b also forms a complex with other components unique to each 
pathway to form classical or alternative C5 convertase, which cleaves 
C5 into C5a and C5b. C3 is thus regarded as the central protein in 
the conplement reaction sequence since it is essential to both the 
alternative and classical pathways (Wurzner, et al., Complelnsn^ 
;rnf:^amm 8:328-340, 1991) . This property of C3b is regulated by the 
serum protease Factor 1, which acts on C3b to produce iC3b. while 
still functional as opsonin, iC3b cannot form an active C5 
convertase . 

C5a is another anaphylatoxin (see below) . C5b combines with 
C6, C7, and C8 to form the C5b-8 can^lex at the surface of the target 
cell. opon binding of several C9 molecules, the membrane attacic 
cojuplex (MAC, CSb-g, terminal con?jlement cor^lex -- TCC) is formed. 
When sufficient numbers of MACs insert into target cell membranes the 
opffliings (MAC pores) they create mediate rapid osmotic lysis of the 
target cells. Lower, non- lytic concentrations of MACs can produce 
other effects, in particular, membrane insertion of small numbers 
of the C5b-9 conplexes into endothelial cells and platelets can cause 
deleterious cell activation, in some cases activation may precede 
cell lysis. 

Certain aspects of the meehahism of C5b-9 mediated platelet 
activation have been described (Sims, etal., J Biol Ch«.in . 264:19228, 

25 1989) . Sublytic concentrations of MAC pores on platelet surfaces 

allow an influx of extracellular calcium icms into the platelet. The 
resulting elevated levels of intraplatelet calcium ions act as an 
activating signal and induce the surface expression of P-selectin 
that is characteristic of activated platelets. Since, as described 

30 above, P-selectin mediates platelet -monocyte binding, and sudi 

binding triggers the release of tissue factor from monocytes, the 
formation of MAC pores in platelet surface membranes can have 
deleterious effects on patients. For example, platelet activation 
by MAC pores can pr dispose a CPB patient to late thrombotic events, 

35 such as vascular grsift re -occlusion. 
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AS mentioned above, C3a and C5a are anaphylatoxins . These 
activated co«5,lement components can trigger mast cejl degranulation 
Which releases histamine and other mediators of inf lamation ' 
resulting in smooth muscle contraction, increased vascular 
5 permeability, leukocyte activation, and other inflammatory phenomena . 

C5a also functions as a chemotactic peptide that serves to attract 
pro-inflammatory granulocytes to the site of complement activation, 
in addition, direct activation of endothelial cells by C5a induces 
the release of the coagulation-inhibiting glycoprotein heparan 
10 sulfate. The release of heparan sulfate can have the effect of 

decreasing the levels of this coagulation-inhibiting molecule at the 
endothelial cell surface, with the consequence of increasing the 
thrombogenic potential of the endothelial cell surface (Piatt, et 
al., J Bxn M^^] 171:1363, 1990). 

gPn^lement- and Pl«i-oio^ P uneti»n «r.^ jir-n 
The activation and consuinption of complement components during 
KCC, specifically CPB, is evidenced by levels of hemolytic complement 
activity that are much lower at the end of CPB than can be e^lained 
by hemodilution alone. A rapid effect on complement components 
accompanies the initiation of extracorporeal circulation; evidence 
Of alternative pathway activation is observed minutes after the onset 
of CPB. Classical pathway activation has also been observed during 
CPB (Haslam, et al., Anaesth^B^^ 35.22, i960). 

The levels of C3a anaphylatoxin have been found to increase 
dramatically during CPB, and there is a strong statistical association 
between elevated C3a levels and postoperative organ system dysfunction 
manifest by impairment and/or failure of cardiac, renal and pulmonary 
systems, bleeding diathesis, and the need for artificial ventilation 
(Kirklin, et al., j yhorag Cardiova>,r q.,^^ 86:845-847. 1983) This 
association has led to the belief that C3a is a key mediator of the 
deleterious effects linked to complement activation during CPB. 

It is well* established that platelets can be activated 
by the assembly of terminal complement components C5b-9 on their 
surfaces. The assembly of these complement components on platelets is 
known to occur during BCC (Finn, et al., J Thor.. r..H. ...^^ 
105:234, 1993). Complement -mediated platelet activation, in turn. 
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1 ads to alpha-granule release, increased expression of P-selectin 
and the loss of GPIh. . The generation of products of ca,pie»ent 
actxvatxon such as C3a, CSa, and C5b-9 further results in platelet 
membrane vesiculation and consequent n,icroparticle fonnation. 

• Other da««ging effects of cooplement activation during CPB can 
include the activation of granulocytes. leading to partial 
degranulaticn and up-regulation of CDllb/CDl8, and to damage to 
organs. Such damaging effects are largely due to the actions of 
certain products of complement activation, specifically the 
anaphylatoxins C3a and CSa, vhich, in turn, can be converted to desArg 
forms with altered activity levels by plasma carboxypeptidase . ^ese 
activated complement components cause activation and aggregation of 
neutrophils. Such activated cells, in turn, accumulate in the 
pulmonary vessels and vascular beds, as has been demonstrated by 
serial biopsies of lung tissue before and after CPB (Howard, et al 

l23:l43e.isox, . Mver. brain and pancreas, alsl 

suffer such d«nage. whic* can result in postoperative dysfunction of 
these ox^ans . 

iathough circumstantial data indicates that activated complement 
components C3a, CSa, and C5b-S play a critical role in the 
pathophysiology of CPB, to date definitive evidence has been laCcing 
Additionally, the relative contribution of these Individual complement 
c«^onents to the generation of the Inflammatory process associated 
with CPB has remained undefined. 

AS discussed above, the present invention relates to the use of 
antx-C5 antibodies In BCC. More generally, the invention relates to 
the use Of anti-C5 antibodies in any procedure which involves 
cxrculating the patient's blood from a blood vessel of the patient 
through a conduit, and bac. to a blood vessel of the patient, the 
conduit having a luminal surface comprising a material capable of 
causing at least one of complement activation, platelet activation, 
leukocyte activation, or platelet -leukocyte adhesion. Such procedures 
xnclude, but are not limited to. all forms of ECC, as well as 
procedures involving the introduction of an artlfical or foreign 
organ, tissu , or vessel into the blood circuit of a patient 
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Conduit materials which have the foregoing effects on blood 
include those now known in the art as well as those which may be 
developed in the future. Such materials include synthetic materials 
such as the various forms of plastics and synthetic polymers used in 
5 CPB circuits, hemodialysis circuits, vascular grafts, and artificial 
organs, as well as biological materials of xenogeneic origin. 

The anti-C5 antibody is used to reduce at least one of 
complement activation, platelet activation, leukocyte activation, or 
platelet- leukocyte adhesion resulting from the circulation of the 
10 patient's blood through such a conduit. Reduction of complement 
activation can be measured by methods well known in the art. for 
example, by the chicken erythrocyte hemolysis method described below 
in Example l. Preferably, a sufficient amount of antibody is used to 
reduce the increase in plasma hemolytic activity resulting from 
complement activation caused by contact with the conduit by at least 
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50%. 



Reduction of platelet activation can be measured by various 
methods well known in the art, for example, by immunofluorescence 
analysis of the expression of platelet activation markers GPIlb-IIIa 
or P-selectin by the methods described below in Examples 1 and 4. 
Again, it is preferred to use a sufficient amount of antibody so as to 
achieve at least a 50% reduction in the increase in the expression of 
at least one of the platelet activation markers resulting from contact 
with the conduit. 

Reduction of leukocyte activation can be measured by various 
methods well known in the art, for example, by immunofluorescence 
analysis of the expression of the leukocyte activation marker 
CDllb/CDl8. AS described in Example 4, the expression of this marker 
can be determined by the measurement of . CDllb ea^ression. Again, it 
is preferred to use a sufficient amount of antibody so as to achieve 
at least a 50% reduction in the increase in the expression of the 
leukocyte activation marker by at least one type of leukocyte, e.g., 
PMNs, resulting from contact with the conduit. 

Reduction of th levels of platelet-1 ukocyte adhesion, 
specifically platelet -monocyte and platelet -neutrophil adhesion, can 
be measured by the fluorescence analysis techniques described below in 
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Example 4, e.g., as the percent increase in leukocytes that read as 
GPIb or GPlib/Illa positive. ''Again, it is preferred to use a 
sufficient amount of antibody so as to achieve at least a 50% 
reduction in the increase in the percentage of GPIb or GPIlb/IIIa 
positive monocytes or neutrophils resulting from contact with the 
conduit. 

To achieve the desired reductions, the anti-C5 antibodies can be 
administered in a variety of unit dosage foms. The dose will vary 
according , to. e.g., the particular antibody, the manner of 
administration, the particular procedure being performed and its 
duration, the nature of the conduit or conduits used in the procedure, 
the overall health, condition, size, and age of the patient, and the 
judgment of the prescribing physician. Dosage levels for human 
subjects are generally between about l mg per kg and about 100 mg per 
kg per patient per treatment, and preferably between about 5 ing per kg 
and about 50 «g per kg per patient per treatment, m some cases, only 
a single dose of the anti-CS antibody can be administered to the 
patient in order to achieve a therapeutic effect. 

The anti-C5 antibody is preferably administered prior to contact 
of the blood with the conduit. i„ addition, administration can be 
continued for as long as the blood is in contact with the conduit, and 
even after that time, if desired. m the case of prior 
administration, a single dose can be used. For administration 
continuing throughout the procedure and/or thereafter, periodic doses 
or a continuous infusion of the anti-C5 antibody can be used. 

A typical procedure, in accordance with the present invention, 
thus includes the following steps. The patient is prepared for 
surgery in accordance with standard practice, and within an hour of 
the commencement of surgery, but generally before the commencement of 
the surgery, a first dose of the pharmaceutical preparation containing 
the anti-C5 antibody is given. Usually, as determined by the 
judgement of the physician, a series of doses may also be administered 
during and after the procedure. Alternatively, during and after the 
procedure is conducted, levels of serum complement activity available 
in the pati nt's blood are monitored using the techniqu s set forth 
below in Exainple I to determine if additional doses are required, with 
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such doses being administered as required to maintain at least a 50% 
reduction, and preferably about a ^5% reduction of serum coniplement 
activity. 

Administration of the anti-C5 antibodies will generally be 
performed by an intravascular route, e.g., via intravenous infusion by 
injection. Other routes of administration may be used if desired. 
Formulations suitable for injection are found in Reminatron'B 
PharmaceMtie^l Sciencps . Mack Publishing Company, Philadelphia, PA, 
17th ed. (1985) . Such formulations must be sterile and non-pyrogenic, 
and generally will include a pharmaceutically effective carrier, such 
as saline, buffered (e.g., phosphate buffered) saline. Hank's 
solution. Ringer's solution, dextrose /saline, glucose solutions, and 
the like. The formulations may contain pharmaceutically acceptable 
auxiliary substances as required, such as, tonicity adjusting agents, 
wetting agents, bactericidal agents, preservatives, stabilizers, and 
the like. 

The formulations (pharmaceutical agents) of the invention can be 
distributed as articles of manufacture comprising packaging material 
and the anti-C5 antibody. The packaging material will include a label 
20 which indicates that the formulation is for use in association with an 
extracorporeal circulation procedure, e.g., a cardiopulmonary bypass 
procedure : 

The anti-cs antibody is preferably a monoclonal antibody, 
although polyclonal antibodies produced and screened by conventional 
25 techniques can also be used if desired. Preferably, the anti-C5 
antibodies are immunoreactive against epitopes on the beta chain of 
purified human complement component C5 (i.e., the part of the C5 
molecule that becomes C5b) and are capable of blocking the conversion 
of C5 into CSa and C5b by C5 convertase. This capability can be 
measured using the techniques described in Wurzner, et al., Complemeni- 
Inflarom 8:328-340. 1991. The amount of reduction of C5 convertase 
activity is preferably at least about S0% of the increase in 
convertase activity resulting from contact with the conduit. 

Hybridomas producing mcaioclonal antibodies reactive with 
complement component C5 can be obtained according to the teachings of 
Sims, et. al., U.S. Patent No. 5.135.916. As discussed therein. 



30 



35 



wo 95/25540 



-21- 



PCT/US95/03614 



10 



15 



antibodies are prepared using purified components of the complement 
membrane attack complex as immunogens . m accordance with the present 
invention, complement component C5 or C5b is preferably used as the 
immunogen. m accordance with the present invention, the antibodies 
preferably should prevent the cleavage of C5 to form C5a and C5b, thus 
preventing the generation of the anaphylatoxic activity associated 
with C5a and preventing the assembly of the membrane attack complex 
associated with C5b. In a particularly preferred embodiment, these 
anti-C5 antibodies will not impair the opsonization function 
associated with the activation of complement component C3 by a C3 
convertase. Plasma C3 convertase activity can be measured by assaying 
plasma for the presence of C3a as described below in Example 2 . 
Preferably, the anti-C5 antibody produces essentially no reduction in 
plasma C3a levels. 

General methods for the immunization of animals (in this case 
with C5 or C5b) . isolation of antibody producing cells, fusion of such 
cells with immortal cells (e.g., myeloma cells) to generate hybridomas 
secreting monoclonal antibodies, screening of hybridoma supematants 
for reactivity of secreted monoclonal antibodies with a desired 
antigen (in this ease C5 or C5b) , the preparation of quantities of 
such antibodies in hybridoma supematants or ascites fluids, and for 
the purification and storage of such monoclonal antibodies, can be 
found in numerous publications. These include: Coligan, et al., eds. 
guyrgnt Protocols In Immtinnl , john Wiley & Swis, New York, 1992; 
Harlow and Lane, Antibodies. A i^hr>^««.^,nr Man„«i , cold Spring Harbor 
Laboratory, Hew York, 1988; Liddell and Cryer. A Praet:ic.«i n.,.^. 
Mffnoclonft; ftnt;ibodigp . John wii? / & Sons, Chichester, West Sussex, 
England, 1991; Montz, et al.. Cellular Tn.n»»^] , 127:337-351, 1990; 
Wurzner, et al., Cffmpl^^nt .InflasBB 8:328-340, 1991; and Mollnes, et 
^^'t Seand. J. limmmol . 28:307-312, 1988. 

As used herein, the term "monoclonal antibodies" refers to 
immunoglobulins produced by a hybridoma and antigen binding fragments 
(e.g., Pab' preparations) of such inmunoglcibulins, as well as to 
recombinantly escpressed antig n binding proteins, including 
35 immunoglobulins, chimeric immunoglobulins, "humanized- 

immunoglobulins, antigen binding fragments of such immunoglobulins, 
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Single chain antibodies, and other recombinant proteins containing 
antigen binding domains derived from immunoglobulins. Publications 
describing methods for the preparation of such monoclonal antibodies, 
in addition to those listed immediately above, include: Reichmann, et 
al.. Nature, 332:323-327, 1988; Winter and Mil stein. Nature . 349:293- 
299, 1991; Clackson, et al.. Mature. 352:624-628, 1991; Morrison, Annu 
Rgv ^nmmg^ , 10:239-265, 1992; Haber, Immunol Rev . 130:189-212, 1992; 
and Rodrigues, et al., J Immunol . 151:6954-6961, 1993. 

Without intending to limit it in any manner, the present 
invention will be more fully described by the following examples. 

EXftMPLE 1 

^tj.gS yffpnfff,Jff^^ jf^ntibodV inhibit j on of Comnl e ment af^hnvitv During 

Extracor poreal Circulation 
The effects of a monoclonal antibody raised to human C5 on 
complement activation was evaluated using a closed- loop C?B model for 
the extracorporeal circulation of human blood. The C5 monoclonal 
antibody was raised in mice against purified human C5 protein 
(Wurzner, et al.. Complement Inf lamm 8:328-340, 1991; N19-8 mAb) and 
was propagated, recovered and purified as an IgG fraction from mouse 
ascites fluid (Antibodies, a i^ho,-«f»rv itenti»i cold Spring Harbor 
Laboratory. New York. 1988; Current Proi- ocols m Tnm«»,»-i»^ , joh„ 
Wiley & S<ms, New York, 1992) . 

TO carry out these eaqperiments, 300 ml of whole human blood was 
drawn from a healthy human donor and additionally a l ml sample was 
removed as a control sample for later analysis. The blood was 
diluted to 600 ml by the addition of Ringer's lactate solution 
containing lOD/ml heparin. The blocking anti-CS mAb (30 mg in sterile 
PBS) was added to the diluted blood to a final concentration of 50 
fig Ml. In a control experiment, an equal volume of sterile PBS was 
30 added to the diluted blood. The blood was then used to prime the 
extracorporeal circuit of a COBE CML EXCEL membrane oxygenator CPB 
machine (Cobe BCT, inc., Lakewood, CO) and the circuit was started. 
The circuit was cooled to 28»C and circulated for 60 min. The circuit 
was then wanned to 37«»C and circulat d for an additional 30 min. The 
ejqaeriment was then terminated. Samples were taken at several time 
points and evaluated for ccmplement activity (Figure l) . 
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At each time point an aliquot of whole blood was taken, divided 
into 3 samples and A) diluted 1:1 in 2% paraformaldehyde in PBS to 
evaluate platelet and blood cell activation parameters (Example 4) ; B) 
centrifuged to remove all cells and plasma diluted l:i in Quidel 
sample preservation solution (Quidel Corporation, San Diego, CA) and 
stored at -80«C to evaluate C3a and C5b-S generation (Examples 2 and 
3, respectively), and C) centrifuged to remove all cells and plasma 
frozen at -80»C for hemolytic assays to evaluate complement activity 
(Example 1) . 

To evaluate complement activity, the frozen plasma samples were 
thawed and hemolytic assays were performed as follows. Oiicken 
erythrocytes were washed well in GfVBS (Rollins, et al.. J Immunol 
144:3478-3483, 1990) and resuspended to 2xloVml in 6VBS. Anti- 
chicken erythrocyte antibody (igG fraction of anti-chicken-RBC 
antiserum, Intercell Technologies, Hopewell, NJ) was added to the 
cells at a final concentration of 25 ;ig/rol and the cells were 
incubated for 15 min. at 23<'c. The cells were washed 2x with 6VBS and 
5xl06 cells were resuspended in a final volume of 130 (il 6VBS 
containing 5* plasma. After incubation for 30 min. at 37«C, % 
hemolysis was calculated relative to a human serum control sample 
(Figure l) . Hemolysis was determined by spinning the cells down and 
measuring released hemoglobin in the supernatant as the optical 
density at 415nm. 

As can be seen in Figure 1, addition of the aati-C5 antibody to 
the extracorporeal circuit resulted in a 95% reduction in serum 
complement activity. The complement activity remained inhibited 
throughout the course (90 minutes) of the experiment. 

EXAMPLE 2 

Generation of r^a Purine BxtraeQrpor..«1 rir•r.,^^ .^^ 
The fresh frozen plasma Bamplee that had previously been diluted 
in Quidel sample preservation solution (see Example 1) were assayed 
for the presence of the complement split product C3a by using the 
Quidel C3a ElA kit (Quidel Corporation, San Diego, CA) . These 
measurements were carried out according to th manufacturers 
specifications. C3a released is e3q)re8sed in ng/well as determined by 
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comparison to a standard curve generated from samples containing known 
amounts of human C3a. . 

As seen in Figure 2, addition of the anti-C5 antibody had no 
effect on the production of C3a during the CPB experiment. C3a 
generation was dramatically increased during the final 30 min. of the 
experiment and correlates with sample wanning. 

EXftMPLE 3 

prevention pf ^he Generation of C5b-9 Purina Ev^^;.n»^ »^,n^. 

Circulation 

Presh frozen plasma samples that had been previously diluted in 
Quidel sample preservation solution (see Example 1) were assayed for 
the presence of the terminal human complement complex C5b-9 using the 
Quidel C5b-9 kit (Quidel Corporation. San Diego, CA) . The amount of 
CSb-9 in each sample was determined using the manufacturers 
specifications and is escpressed in arbitrary absorbance units (AD). 

As can be seen in Figure 3, the anti-C5 antibody completely 
inhibited C5b-9 generation during extracorporeal circulation so that 
C5b-9 levels during the full course of the run were equivalent to 
control (to) time points. The results of this experiment and those of 
20 Examples X and 2 show that the addition of an anti-C5 mAb during 
extracorporeal circulation effectively inhibits both complement 
hemolytic activity (Figure l) and C5b-9 generation (Figure 3) . but not 
C3a generation (Figure 2) . 

EXftMPLE 4 

Py^ygntigp Of Plat^let and LeufcofTv^^ ^^ ^tivation «r,^ Adh^Binn P nr-'"T 

Extracorporeal f^ar culation 

Paraformaldehyde fixed samples of whole blood taken at T=0 and 
T.90 minutes during the extracorporeal circulation experiment (see 
Example l) were washed, labeled with fluorescent antibodies directed 
against various cell surface marker molecules, and analyzed by flow 
cytometry (FACS) . The primary antibodies used in these experiments 
were anti-GPIlb-llla (clone iroaSP2.4i. AMAC, inc., Westbrook, me); 
anti-CDllb (Anti-CR3 (leu-15) clone Dl2, Becton. Dickinson 
immmocytometry systems, San Jose, OA); aati-P-selectin, (ie3 obtained 
35 from Dr. Kenneth Ault. Maine Medical Center Research Institute, 
Portland,. MB) ; anti-OPIb (CD42b) , (iOP42b clone S22, AMAC. Inc., 
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Westbrook, ME), and anti-CD45 (a marker for both monocytes and PMNs, 
whicdi are distinguished by the forward and si<Je scatter 
characteristics of the FACS profiles of the CD45 positive cells) 
(Anti -Leucocyte (HLe-l; CD45) clone 2D1, Be cton -Dickinson 
5 Immunocytometry Systems, San Jose, CA) , The percent change in 
surface eaqpression of various cell surface receptors (Platelet GPIb, 
Platelet GPIIb-IIIa, P-selectin, CDllb) was calculated by comparison 
of mean FL-l values obtained for each antibody by the following 
calculation: T5=90 / T=rO x 100. 

Platelet monocyte binding (PLT/MONO) and platelet neutrophil 
binding (PLT/PMN) was determined by calculating the percentage of 
neutrophils or monocytes that read positive for the platelet -specific 
receptor GPIb. 

As can be seen in Figure 4, the addition of anti-C5 antibody to 
15 the blood in the ECC circuit had a dramatic effect on various aspects 
of platelet and blood cell activation. In the presence of the anti-C5 
antibo^, platelets retained 50% more GPIb as compared to non- treated 
controls. Similarly, platelets retained virtually all of their cell 
surface GPIIb-IIIa irtiile untreated platelets lost 80% of this 
20 receptor. Platelet activation as determined by expression of P- 
selectin was completely inhibited by the addition of the anti-C5 
antibody. C<mi jugate formation by platelets and monocytes and/or 
platelets and neutrophils was inhibited by addition of the anti-C5 
antibody. Additionally, expression of CDllb on neutrophils was 
25 blocked by 75% by anti-C5 while C3>llb expression on monocytes was 
unaffected. 

These results show that the anti-C5 antibody is a potent 
inhibitor of complement - induced platelet activation, leukocyte 
activation, specifically, FUN activation, and platelet -leukocyte 
adhesion during extracorporeal circulation and that terminal 
COT^lement components, and not C3a, are largely responsible for 
complement -mediated inflammation and platelet dysfunction. 

Throughout this application various ptiblications, patents, and 
patent applications are referred to. The teachings and disclosures? of 
35 these publications, patents, and patent applications in their 
entireties are hereby incorporat d by reference into this application 



30 



BNS0OCID:<WO 962554QA1 I > 



wo 95/25540 



-26- 



PCTAUS95/03614 



1 



to more fully describe the state of the art to which the present 
invention pertains. 

Although preferred and other embodiments of the invention have 
been described herein, further embodiments may be perceived by those 
skilled in the art without departing from the scope of the invention 
as defined by the following claims. 
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What is claimed is: 

1. A method for performing a therapeutic procedure on- a 
patient ccunprising: 

(a) passing circulating blood from a blood vessel of the 
patient, through a conduit, and back to a blood vessel of the patient, 
the conduit having a luminal surface comprising a material capable of 
causing at least one of cooq?lement activation, platelet activation, 
leukocyte activation, or platelet -leukocyte adhesion in the patient's 
blood; and 

(b) introducing an antibody that specifically binds to 
coiBplement component C5 into the patient's bloodstream in an amount 
effective to reduce at least one of complement activation, platelet 
activation, leukocyte activation, or platelet -leukocyte adhesion 
resulting from passage of the circulating blood through said conduit, 

wherein step (a) occurs before and/or during and/or after step 

(b) . 

2. The method of Claim 1 wherein the antibody reduces the 
conversion of conplement component C5 into conplement compon^its C5a 
and C5b. 

3. The method of Claim l wherein the antibody specifically 
binds to C5b. 

4. The method of Claim l wherein the antibody does not 
substantially inhibit formation of coiqplement component C3b. 

5. The method of Claim 1 trtierein the therapeutic procedure is 
an extracorporeal circulation procedure. 

6. The method of Claim 5 wherein the extracorporeal 
circulation procedure is a cardiopulmonary bypass procedure. 

7. An article of manufacture comprising packaging material 
and a pharmaceutical agent contained within said packaging material, 
wherein: 

(a) said pharmaceutical agent comprises an antibocly that 
specifically binds to coinplement component C5, said antibody being 
effective for reducing at least one of complement activation, platelet 
activation, leukocyte activation, or platelet- leukocyte adhesi n 
caused by passage of circulating blood from a blood vessel of a 
patient, through a conduit, and back to a blood vessel of the patient. 



BNSDOCID: <WO_9SZ6540AU_: 



wo 95/25540 



-28- 



PCTAJS95/03614 



the conduit having a luminal surface conprising a material capable of 
causing at least one of complement activation, platelet activation, 
leukocyte activation, or platelet -leukocyte adhesion in the patient's 
blood; and 

(b) said packaging material comprises a label which indicates 
that said pharmaceutical agent is for use in association with an 
extracorporeal circulation procedure. 

8. The article of manufacture of Claim 7 wherein the label 
indicates that said pharmaceutical agent is for use in association 
with an cardit^ulmonary bypass procedure. 
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